INTRODUCTION
Over 12,000 children are diagnosed with cancer each year in the United States [1] . Due to marked improvements in treatment, over 83% of these children now survive for 5 years or more [2] . The number of childhood cancer survivors (CCS) currently exceeds 375,000 individuals in the United States and continues to rise [2] . Despite advances in cancer treatment, CCS face significantly increased risks of numerous treatment-related adverse late effects, including negative impacts on cardiovascular health. Notably, adult CCS experience higher than expected risks of obesity [3, 4] , type 2 diabetes mellitus [5] , and cardiovascular disease [6, 7] , and are seven times more likely to die from cardiovascular disease than similar-aged individuals from the general population [8] . Vascular damage has been detected among both adolescent and adult CCS and is thought to be a subclinical sign of cardiovascular morbidity in CCS [9, 10] .
These late effects may be exacerbated by the low levels of physical activity (PA) commonly observed among CCS [11] . Sedentary lifestyle (defined as no self-reported leisure-time PA in previous month) has been associated with obesity, hypertension, and impaired glucose tolerance among adult CCS from the Childhood Cancer Survivor Study [12] . Similarly, in a small investigation of adult survivors of pediatric sarcoma, decreased self-reported activity levels were associated with an increased number of prevalent cardiovascular risk factors (e.g., central obesity, dyslipidemia, hyperglycemia, and hypertension) [13] .
The relationships between PA and cardiovascular risk factors among children who survived childhood cancer have not been well established. To address this gap in knowledge, this analysis aimed to (i) examine the cross-sectional association of self-reported PA with directly measured cardiovascular risk factors among CCS and sibling control children and (ii) assess whether the associations between PA and cardiovascular risk factors differ between CCS and controls. It was hypothesized that (i) CCS and controls who were more physically active would have more favorable levels of cardiovascular risk factors than those who were less active and (ii) associations between PA and cardiovascular risk factors would differ based on CCS/control status. Cardiovascular risk factors have been reported for this study population in prior publications [14, 15] ; this analysis extends that work.
METHODS

Study Design
The study was approved by the Institutional Review Board Human Subjects Committees at the University of Minnesota Medical Center and Children's Hospitals and Clinics of Minnesota. All parents and pediatric participants provided written informed consent and assent, respectively. CCS were selected from Pediatric Oncology databases and were eligible to participate if they were treated for cancer at the University of Minnesota/FairviewUniversity Medical Center or the Children's Hospitals and Clinics of Minneapolis and St. Paul, were 9-18 years old, were in remission, and had survived !5 years after diagnosis. Hematopoietic cell transplant recipients were excluded from the study because an identical companion study was being performed simultaneously in a population of hematopoietic cell transplant survivors. Sibling controls were eligible to participate if they were 9-18 years of age at the time of examination and had never had cancer.
A summary flow chart of CCS screening and recruitment is shown in Figure 1 . Of the 723 eligible CCS identified, 66 could not be located. The remaining 657 were contacted, and consent for Siblings were informed of the study by parents, and if they agreed to participate they were evaluated at the same time as the CCS. From the 322 families enrolled (including the 3 later determined to be ineligible), 164 had no eligible or consenting siblings, 124 had one sibling who participated, and 33 had more than one sibling participate (n ¼ 72). (The number of potentially eligible siblings from each family was not collected, nor was demographic information about non-participants.) Twelve additional siblings from the companion study of hematopoietic cell transplant survivors who met the same sibling eligibility criteria were also included in the final control group (n ¼ 208).
Data Collection
All participants underwent a 2-day examination at the University of Minnesota Clinical Research Center/Clinical and Translational Science Institute (CTSI). Height, weight, waist circumference, Tanner stage, and blood pressure were assessed according to standard protocols, as previously described [15] . Fat mass and lean body mass were measured using dual-energy X-ray absorptiometry (DXA, Lunar Prodigy scanner, software version 9.3; General Electric Medical Systems, Madison, WI). Measurements of abdominal visceral and subcutaneous adipose tissue were also obtained by computed tomography using a Siemens Sensation 16 (Siemens Medical Solutions, Malvern, PA) with two separate 10 mm slices obtained at the L4-L5 interspace. The two images were subdivided into 5 mm slices and the 1st and 3rd 5 mm slices were combined and analyzed for visceral adipose tissue. The upper limit of adipose tissue density was À30 Hounsfield units (HU) and the lower limit was À190 HU. Image slices were individually analyzed by a trained technician using Fat Scan version 3.0 software (N2 System, Osaka, Japan).
After a 10-to 12-hr overnight fast, the hyperinsulinemic euglycemic clamp method was used to assess insulin sensitivity, as described previously [15, 16] . Insulin infusion was started at time 0 at a rate of 1 mU/kg/min for 3 hr. An infusion of 20% glucose was given and adjusted to maintain euglycemia (serum glucose level of 100 mg/dl [5.6 mmol/L]) with plasma glucose determined every 10 min. Insulin sensitivity (M) was determined by the amount of glucose required to maintain euglycemia in the final 40 min of the clamp study and expressed as mg/kg/min of glucose with adjustment for lean body mass (M lbm ). Lower M lbm values are indicative of lower insulin sensitivity (i.e., greater insulin resistance).
Fasting blood samples obtained at the start of the insulin clamp were analyzed for serum lipid levels (low-density lipoprotein cholesterol [LDL-C], high-density lipoprotein cholesterol [HDL-C], triglycerides), serum insulin, and plasma glucose using a Vitros 5600 (Ortho-Clinical Diagnostics, Inc., Rochester, NY), a chemiluminescence immunoassay (Immulite Insulin DPC, Los Angeles, CA), and a Beckman Glucose Analyzer II (Beckman Instruments, Fullerton, CA), respectively. LDL-C was calculated by the Friedewald equation. Homeostasis model assessment insulin resistance (HOMA-IR) was calculated with fasting insulin and glucose values using the equation HOMA-IR ¼ ([fasting glucose units of mmol/L Â insulin units in mU/ml/]22.5) [17] .
Following 15 min of quiet rest in the supine position, vascular images were obtained of the left common carotid artery using a conventional ultrasound scanner (Acuson, Sequoia 512, Siemens Medical Solutions USA, Inc., Mountain View, CA) with a 15-8 MHz linear array probe. Systolic and diastolic blood pressures were recorded with an automated blood pressure sphygmomanometer during the 10-sec carotid measurements. To measure carotid elasticity properties, electronic wall-tracking software was used for analysis of carotid cross-sectional compliance (cCSC) and distensibility (cCSD) (Vascular Research Tools 5, Medical Imaging Application, LLC, Iowa City, IA).
To assess PA, participants completed the Modifiable Activity Questionnaire for Adolescents (MAQ-A), which was selfadministered with parental supervision, as needed. For this study, we focused on past year leisure-time PA. Participants reported activities in which they had participated at least ten times during the past year in their leisure time, along with the number of months over the year, the average number of days per week, and the average minutes per day that each activity was performed. The MAQ-A has been shown to provide valid and reproducible estimates of past year leisure-time PA [18, 19] .
Statistical Analysis
All analyses were conducted with SAS version 9.2 (SAS Institute, Inc., Cary, NC). Participants who met the U.S. federal recommendation of !60 min/day of moderate-to-vigorous PA in children [20, 21] were categorized as high PA while those reporting less than 60 min/day were categorized as low PA. Descriptive statistics are expressed as frequencies and percents or mean AE standard error (SE), as appropriate. All analyses including data from sibling controls were implemented in SAS's GENMOD procedure using generalized estimating equations (GEE) to account for intra-family correlation, with the exchangeable working correlation and robust variance estimates. All adjusted comparisons used multivariable linear regression models with adjustments for age, sex, race/ethnicity, and Tanner stage. As indicated, models were further adjusted for percent fat mass, height, and/or diagnosis when appropriate. Adjusted means were evaluated at the mean levels of covariates included in the models. A two-sided P-value <0.05 was considered to be statistically significant, although Table I presents demographic characteristics of the study population; Table II describes measures of body composition and physical activity. CCS were on average one year older than controls, but Tanner stage was similar between the two groups. CCS were shorter, had greater waist circumference and percent fat mass and lower lean body mass than controls, but there were no significant differences in weight, body mass index (BMI), abdominal subcutaneous fat, and abdominal visceral fat. After adjustment for percent fat mass, CCS had higher LDL-C (88.0 AE 1.7 vs. 84.1 AE 2.1 mg/dl, P ¼ 0.03) and lower insulin sensitivity (M lbm ) (12.2 AE 0.3 vs. 13.3 AE 0.4 mg/kg/min, P ¼ 0.002) and cCSD (30.7 AE 0.5 vs. 32.7 AE 0.6%, P ¼ 0.002) than controls. As shown in Table II , CCS were less physically active in their leisure time compared to controls. Table III shows associations of cardiovascular risk factors with PA level ("High vs. low PA") in CCS and controls. Among CCS, the high PA group had lower percent fat mass, abdominal subcutaneous fat, and abdominal visceral fat, greater lean body mass, and marginally greater (P ¼ 0.07) insulin sensitivity (M lbm ) compared to the low PA group. Among controls, the high PA group had greater lean body mass and marginally lower (P ¼ 0.05) percent fat mass but no difference in abdominal fat and insulin sensitivity compared to the low PA group. Among both CCS and controls, there were no significant differences between the low and high PA groups for the following risk factors: waist circumference, triglycerides, HDL-C, LDL-C, systolic and diastolic blood pressure, HOMA-IR, cCSC, cCSD, and cIMT.
RESULTS
To assess whether the PA effect differed between CCS and controls, we tested the interaction between CCS/control status and PA level (high vs. low) for each cardiovascular risk factor. As depicted by the interaction plots in Figure 2 , the associations between PA and waist circumference, percent fat mass, abdominal subcutaneous fat, and abdominal visceral fat appeared to be stronger in CCS than controls (all P interaction < 0.05). In general, CCS had sharper reductions in these risk factors at the higher PA level compared to controls. There was no such evidence of effect modification by CCS/control status for the other risk factors examined in Table III (all P interaction > 0.05).
DISCUSSION
This study found that CCS who reported higher levels of PA had lower percent fat mass and abdominal subcutaneous and visceral fat, greater lean body mass, and slightly greater insulin sensitivity compared to CCS who reported lower levels of PA. However, controls who reported higher PA had only greater lean body mass and slightly lower percent fat mass compared to controls who reported lower PA. This result may be explained by the fact that CCS have greater potential for change than controls simply because they start with poorer levels of certain cardiovascular risk factors that have finite "normal" or "healthy" ranges. In other words, while an already healthy cardiovascular profile could be improved slightly (perhaps to the top of the normal range) with PA alone, a suboptimal or abnormal cardiovascular profile could be improved more dramatically to reach normal or even optimal levels with the same amount of PA. Prior knowledge is very limited regarding these relationships in CCS; this study complements the literature by supporting associations previously observed between PA and adiposity in adult CCS and extends the findings to children. In a recent study of 117 adult survivors of childhood acute lymphoblastic leukemia (ALL), greater PA energy expenditure was associated with lower percent body fat but was not associated with waist circumference, HOMA-IR, or metabolic syndrome [22] . A 16-week home-based exercise intervention in a small group of 16-to 30-year-old survivors of childhood ALL resulted in significant improvements in measures of adiposity and HOMA-IR, while cIMT, lipids, and fasting plasma glucose remained unchanged; the effect on blood pressure was variable [23, 24] . The current study is the first to examine the associations between PA and directly measured subcutaneous fat, visceral fat, insulin sensitivity (M lbm ), and arterial compliance and distensibility in CCS in general and specifically during childhood. Hoffman et al. reported that CCS aged <18 years performed more poorly on measures of physical function despite reporting similar levels and types of PA as their sibling controls [25] . However, measures of physical function (strength, mobility) are not equivalent to measures of cardiovascular risk or PA. Results of the current study indicate that PA may be a useful tool for limiting excess fat mass while preserving lean mass and possibly improving insulin sensitivity in CCS children. Previously, increased fat mass [26] and decreased lean mass [27] have been independently associated with greater insulin resistance, highlighting the importance of reducing excess fat mass while simultaneously maintaining or increasing lean mass. In fact, sarcopenia, a condition of reduced lean skeletal muscle mass, and obesity have been shown to have an additive effect on insulin resistance [28] . Previous studies have also found that healthy children who are more physically active are leaner and have greater insulin sensitivity (independent of adiposity) than their less active peers, especially when engaged in vigorous PA [29] [30] [31] [32] [33] . After dichotomizing by high/low PA groups we documented statistically significant associations of PA with measures of adiposity but not with measures of insulin sensitivity; this may be due to low power in each of the groups, the use of a relatively crude measure of PA, and the fact that we evaluated a young population (children) in whom the elevations of cardiovascular risk factor levels are less pronounced than in the previously reported adult studies.
Unfavorable vascular endothelial thickness and function are important early markers of subclinical atherosclerosis and increased cardiovascular disease risk. Among adults, regular PA has been shown to delay, slow, or even prevent the age-associated decline in early measures of atherosclerosis such as vascular compliance and distensibility [34] . We have previously shown in this cohort that survivors of leukemia had lower carotid artery distensibility and compliance, indicating increased arterial stiffness, when compared to controls [14] . The absence of a PA effect on the vascular markers may again be due to low power, the use of a relatively crude measure of PA, and the fact that the current study was focused on children, who have not yet developed clinically significant vascular abnormalities. It is possible that as these children progress into adulthood, small deficits will become more prominent and established cardiovascular risk factors. It is well known in pediatric populations that cardiovascular risk is a continuum and that threshold levels and dichotomized classifications are less useful in establishing risk levels than in adults [35] . This study's cross-sectional design and retrospective measure of PA restricted the ability to make causal inferences. Prospective longitudinal cohorts or randomized controlled trials will be needed to verify such inferences. Another limitation was the inability to completely control for differences in treatment. Diagnostic group served as a proxy for treatment regimen in this analysis. In post hoc analyses, controlling for cranial radiation, corticosteroid therapy, or vincristine chemotherapy instead of diagnosis did not substantially alter the results. We also considered possible implications of lower extremity surgical procedures such as amputation, femur resection, and/or limb salvage, but too few CCS were affected (one amputation, two femur resections, and one limb salvage) to permit an analysis.
The pattern of adverse body composition in CCS suggests that as these children progress into adulthood, these levels will likely become overtly abnormal. The finding that higher PA was associated with levels of risk factors similar to those observed in Fig. 2 . CCS/control status Â PA level (low vs. high PA) interaction plots for waist circumference, percent fat mass, abdominal subcutaneous fat, and abdominal visceral fat. These plots assess whether the difference between high and low PA was the same for CCS and controls for each of these four cardiovascular risk factors. CCS, childhood cancer survivors; PA, physical activity.
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